With the development of service industry and cultural industry, urban leisure and entertainment services have become an important symbol of the city and the driving force of economic and social development. Karaoke, a typical form of urban entertainment, is immensely popular throughout China, and the number of karaoke bars is expected to keep growing in the future. However, little is known about their spatial distribution in the urban space and their association with other location-specific factors. Based on the geospatial entity data and business statistics data, we demonstrate a clustered pattern of 530 karaoke bars in Nanjing by means of point pattern analysis and cluster analysis in GIS. Furthermore, we identify the distribution of population, transportation network, and commercial centers as the three determinants underlying the formation of the pattern.
Introduction
Leisure industry was listed as one of the "Big Five" engines of economic growth [1] . "Big Entertainment"-everything from bars to video stores to opera houses-are at the forefront of the leisure industry. It has been witnessed that leisure and entertainment sector accounts for an increasing share of gross domestic product in China as well as worldwide, leading to an optimized economic structure. It also becomes a large provider of employment [2] and plays a crucial role in meeting residents' recreational demand. Among residents' recreation activities, singing is the most common and popular one. Karaoke bars are the commercial venue providing services for singing.
Karaoke, originating from Japan [3] , is a form of interactive entertainment in which an amateur singer sings along with recorded music (typically popular song minus the lead vocal) using a microphone. Karaoke soon spread to the rest of Asia and other countries all over the world [4] . Instead of placing karaoke machines in restaurants and hotel rooms in the early times, karaoke bars, with karaoke equipment installed in compartmented rooms and combined with food and other recreation service, emerged as a new business in the market and became enormously popular. The first karaoke bar in Mainland China was opened in 1990 in Hainan Province. Since then, karaoke has become one of the most popular leisure activities in urban China [5] , and karaoke bars burgeoned throughout Mainland China. Our previous study shows that there are 87,700 karaoke bars in Mainland China as of 2012 [6] , clustering in the eastern and central areas ( Figure 1 Although karaoke bars, as a form of entertainment, are widespread in urban China, little is known about their spatial distribution within cities. Taking the entertainment and leisure industry as a whole, there is a growing body of literature investigating its spatial distribution in urban China. Zhang and Wang [7] summarized that there are four distribution patterns of urban commercial entertainment venues: center-oriented structure, discrete structure, attached structure, and isolated structure. Hu and Zhong [8] conducted a longitudinal study and observed that the distribution of entertainment venues in Hankou experienced a process from clustering to dispersing, and re-clustering. Taking Chengdu as a case study, Yang [9] found that the space distribution of leisure industry is closely related to residents' recreational activity range. With the development of GIS as a powerful tool for spatial visualization and analysis, more and more scholars carried out empirical studies to show the spatial layout and structure of certain industry (e.g., cultural industry, financial service industry, automobile service industry, creative industry, etc.), and to investigate its spatial evolution trend, spatial growth and diffusion pattern [10] [11] [12] [13] [14] [15] [16] [17] .
In addition to the spatial distribution pattern of a certain industry, scholars are more interested in the factors shaping its spatial distribution. The most critical elements of success for economic activities are supply-demand relationship and location. Consumption needs of the population are the primary and direct driving force for the industry development, including leisure and entertainment industry. The supply-demand relationship involves the number of potential customers, macro-economic conditions, regional consumption demand and capacity [18] . While location compasses infrastructure, business competition environment, and public service provision. Through an empirical study on cultural facilities in Shenzhen, Wei and his colleagues [19] concluded that local economy, population distribution, transportation, and policies are the key factors that influence the distribution of cultural facilities. Transportation, which links customers and facilities, is emphasized to be of great importance to the location choice of leisure and entertainment facilities [20] . Zhang and Wang [7] pointed out that various types of leisure venues are attracted by each other, leading to an agglomeration pattern and usually located nearby CBDs.
However, most of the existing studies take the leisure and entertainment industry as a whole and lack in-depth spatial quantitative analysis. In this paper, specifically focusing on karaoke bar, which is an immensely widespread leisure activity in urban China, we aim to demonstrate their spatial distribution pattern within the city by means of the GIS statistical methods, and to explore the socio-spatial factors underlying their distribution, which include population density, transportation, and location of commercial centers. The study will shed light on the planning and guidance of leisure Although karaoke bars, as a form of entertainment, are widespread in urban China, little is known about their spatial distribution within cities. Taking the entertainment and leisure industry as a whole, there is a growing body of literature investigating its spatial distribution in urban China. Zhang and Wang [7] summarized that there are four distribution patterns of urban commercial entertainment venues: center-oriented structure, discrete structure, attached structure, and isolated structure. Hu and Zhong [8] conducted a longitudinal study and observed that the distribution of entertainment venues in Hankou experienced a process from clustering to dispersing, and re-clustering. Taking Chengdu as a case study, Yang [9] found that the space distribution of leisure industry is closely related to residents' recreational activity range. With the development of GIS as a powerful tool for spatial visualization and analysis, more and more scholars carried out empirical studies to show the spatial layout and structure of certain industry (e.g., cultural industry, financial service industry, automobile service industry, creative industry, etc.), and to investigate its spatial evolution trend, spatial growth and diffusion pattern [10] [11] [12] [13] [14] [15] [16] [17] .
However, most of the existing studies take the leisure and entertainment industry as a whole and lack in-depth spatial quantitative analysis. In this paper, specifically focusing on karaoke bar, which is an immensely widespread leisure activity in urban China, we aim to demonstrate their spatial distribution pattern within the city by means of the GIS statistical methods, and to explore the socio-spatial factors underlying their distribution, which include population density, transportation, and location of commercial centers. The study will shed light on the planning and guidance of leisure and entertainment industry for the government, as well as enrich the empirical research on leisure and entertainment industry.
Karaoke bars are usually abstracted as points in the urban space. In this paper, the point pattern analysis and cluster analysis in GIS will be employed to illustrate whether the karaoke bars locate in a random fashion or present a certain pattern (clustered or dispersed). Based on the literature review, we hypothesize that three main factors influence the distribution of karaoke bars: population density, transportation network, and the location of commercial centers. To test the hypothesis, the density of karaoke bars' spatial correlation with the population density and transportation centrality will be measured respectively. To examine the impact of commercial center on the distribution of karaoke bars, Vironoi cells, standing for service region, will be created for each commercial center and karaoke bars will be quantize for each service region of the commercial centers.
Data
Nanjing, the capital of Jiangsu Province, is situated in one of the largest economic zones of China, the Yangtze River Delta. The total population is about 8.16 million in 2012 (Nanjing Statistics Yearbook 2013). Nanjing has long been the political, economic and cultural center. As a pilot city of service industry reforms, the service sector accounted for 54.38% of GDP in 2013 (Nanjing Statistics Yearbook, 2014). The fast growing service sector has become the driving force of economic development in Nanjing. Among the service industry, the leisure and entertainment sector accounted for 1% of GDP in 2013 (Nanjing Statistics Yearbook, 2014). With a total land area of 6598 km 2 , Nanjing is consists of 11 districts. Considering that there are large rural and undeveloped areas within the Nanjing municipal boundary, we only choose the main urban areas as our study area in this paper, which is surrounded by the Yangtze River and the belt highway (shown by the red area in the left map of Figure 2 ). There are 4.38 million residents in the study area, which covers 577.8 km 2 . and entertainment industry for the government, as well as enrich the empirical research on leisure and entertainment industry. Karaoke bars are usually abstracted as points in the urban space. In this paper, the point pattern analysis and cluster analysis in GIS will be employed to illustrate whether the karaoke bars locate in a random fashion or present a certain pattern (clustered or dispersed). Based on the literature review, we hypothesize that three main factors influence the distribution of karaoke bars: population density, transportation network, and the location of commercial centers. To test the hypothesis, the density of karaoke bars' spatial correlation with the population density and transportation centrality will be measured respectively. To examine the impact of commercial center on the distribution of karaoke bars, Vironoi cells, standing for service region, will be created for each commercial center and karaoke bars will be quantize for each service region of the commercial centers.
Nanjing, the capital of Jiangsu Province, is situated in one of the largest economic zones of China, the Yangtze River Delta. The total population is about 8.16 million in 2012 (Nanjing Statistics Yearbook 2013). Nanjing has long been the political, economic and cultural center. As a pilot city of service industry reforms, the service sector accounted for 54.38% of GDP in 2013 (Nanjing Statistics Yearbook, 2014). The fast growing service sector has become the driving force of economic development in Nanjing. Among the service industry, the leisure and entertainment sector accounted for 1% of GDP in 2013 (Nanjing Statistics Yearbook, 2014). With a total land area of 6598 km 2 , Nanjing is consists of 11 districts. Considering that there are large rural and undeveloped areas within the Nanjing municipal boundary, we only choose the main urban areas as our study area in this paper, which is surrounded by the Yangtze River and the belt highway (shown by the red area in the left map of Figure 2 ). There are 4.38 million residents in the study area, which covers 577.8 km 2 . The basic geographic data are drawn from the 2012 Nanjing City maps published by Jiangsu Province Surveying and Mapping Institute. Through map vectorization and coordinate calibration, the boundary of the study area, boundaries of sub-districts (a low level administrative division of a district), geographical features (river, lake and mountain) have been obtained. The road network data are from OpenStreetMap. The locations of karaoke bars extract from Baidu maps (similar to Google maps, but covering only the Great China region) and Google maps. After data examination (verify The basic geographic data are drawn from the 2012 Nanjing City maps published by Jiangsu Province Surveying and Mapping Institute. Through map vectorization and coordinate calibration, the boundary of the study area, boundaries of sub-districts (a low level administrative division of a district), geographical features (river, lake and mountain) have been obtained. The road network data are from OpenStreetMap. The locations of karaoke bars extract from Baidu maps (similar to Google maps, but covering only the Great China region) and Google maps. After data examination (verify street view images), a point layer of the karaoke bars has been created. Population data are from the 2010 Population Census at sub-district level.
Methodology

Point Pattern Analysis-Ripley's K and L Functions
Point pattern analysis is one of the most fundamental concepts in geography and spatial analysis. It evaluates the pattern, or distribution, of a set of points on a surface [21] . There are three general patterns: random, uniform, and clustered. Ripley's K-function [22] is a common technique to estimate the presence of spatial dependence among points. Ripley's K-function is defined as:
where λ is the average density of points (generally estimated as n/A, where A is the area of the region containing all points), and I (d ij < t) is the number of points within the circle with the ith point as the center and r as the radius. Under the assumption of complete spatial randomness (CSR), K (r) is equal to πr 2 . For simplication, the K-function is transformed into a standardized version, L-function, which is defined as:
, on the contrary, implies that the point pattern is regular.
Cluster Analysis-Nearest Neighbor Hierarchical Clustering
Cluster analysis seeks to group a collection of objects into "clusters", such that those within each cluster are more closely related to one another than objects assigned to different clusters [23] . It is a main task of exploratory data mining, as well as a common technique for statistical data analysis used in many fields, including machine learning, pattern recognition, image processing, information retrieval, and bioinformatics [24] . Hierarchical clustering is a method of cluster analysis, which seeks to build a hierarchy of clusters by connecting "objects" to form "clusters" based on their distance [25] . Hierarchical clustering can be agglomerative (starting with single elements and aggregating them into clusters) or divisive (starting with the complete data set and dividing it into partitions) [26] .
One of the simplest agglomerative hierarchical clustering methods is single-linkage clustering, also known as the nearest neighbor technique. The defining feature of this method is that distance between groups is defined as the distance between the closest pair of objects, where only pairs consisting of one object from each group are considered [27] . The distance between clusters X and Y, D(X, Y) is described by the following expression:
where object x is in cluster X, and object y is in cluster Y. Assuming that there are N objects in region A, the algorithm of nearest neighbor hierarchical clustering performs the following steps:
i. Each object is seen as a cluster, containing one single object. Calculate the N × N distance matrix D contains all distance d(i, j). ii. Define a distance threshold, which is a certain value set manually or can be the expected mean distance of the features given a random pattern:
iii. Merge clusters whose distances are within the set distance threshold. iv. Update the distance matrix between the newly formed clusters.
v. Repeat Step 3 to further merge clusters until no more clusters can be merged.
Spatial Autocorrelation-Bivariate Moran's I
Spatial autocorrelation can be defined as the coincidence of value similarity with locational similarity, which is used to detect patterns of spatial association [28] . Global measure for spatial autocorrelation, Moran's I, is a single value which applies to the entire study area [29] ; while its corresponding local indices, local Moran's I, also known as LISA (local indicators of spatial association), show the value calculated for each observation unit, allowing researchers to explore local variations in spatial dependency [30] .
In addition to univariate Moran's I, which focuses on the spatial clustering of observations in terms of a single variable, bivariate Moran's I has been put forward to capture the relationship between two variables, taking the topological relationship between observations into account [31] . It measures strength of the association between two variables varies over the study region. Bivariate Moran's I between variables k and l for observation unit i is defined as:
where W ij is the spatial weight matrix between observation unit i and its neighboring units j, 
Multiple Centrality Assessment-Network Centrality
In regional and urban planning, centrality, or "accessibility" and "proximity" (the terms are often used interchangeably), has entered the scene, stressing that "some places are more important than others because they are more central" [33] . The Multiple Centrality Assessment (MCA) is a tool that evaluates the spatial distribution of centrality over geographic systems like urban street system and outputs the results graphically [34] . The first step to operate MCA is to translate the spatial system into a graph. For instance, in a network of intersections and paths, intersections are abstracted into nodes and paths into edges which are defined by two end-nodes.
The main characteristics of the MCA are: (1) use a primal approach of the network; (2) anchor all the measures in the real network of street; and (3) define the centrality by a collection of indexes [35] . Depending on what is the notion of "being central", three indexes are usually used to characterize the shape of a network: closeness, betweenness, and straightness [36] .
Closeness Centrality (C C )
"Closeness measures the accessibility of a node, in the way that closer a node to the others, more accessible it is" [36] . The closeness index of node i is defined as:
where d ij is the shortest paths from node i to node j, and N is the number of all nodes in the network. Actually, closeness is the reciprocal of the mean of the shortest paths from node i to other nodes. Thus, the more central a node, the lower its average distance to all other nodes.
Betweenness Centrality (C B )
Beyond the closeness index, the interaction between two distant nodes depends on the nodes belonging the path which links them. These nodes have a strategic location for the control and the influence of the flows [35] . "Betweenness centrality quantifies the number of times a node acts as a bridge along the shortest path between two other nodes" [37] . The betweenness centrality of node i is:
where n jk is the total number of shortest paths from node j to node k, and n jk (i) is the number of those paths that pass through node i. This index measures the volume of flow on a node.
Straightness Centrality (C S )
Starting from the hypothesis that "the communication between two nodes is better when the path is straight", the straightness centrality assesses the extent to which the shortest path between node i to other nodes diverts from the straight line linking them [35] :
is the Euclidean distance between node i and node j, and d ij is the network distance between node i and node j. The smaller the difference between Euclidean distance and network distance, the more "straight" central the node is.
Spatial Interpolation-Kernel Density Estimation
Spatial interpolation is "the procedure of estimating the value of properties at unsampled sites (or cells in a raster) within the area covered by existing observations" [38] . Kernel density estimation is an interpolation technique that evaluates the probability density function of a random variable [39] . "Kernel density estimation involves placing a symmetrical surface over each point, evaluating the distance from the point to a reference location based on a mathematical function, and summing the value of all the surfaces of that reference location" [40] (Figure 3) . Beyond the closeness index, the interaction between two distant nodes depends on the nodes belonging the path which links them. These nodes have a strategic location for the control and the influence of the flows [35] . "Betweenness centrality quantifies the number of times a node acts as a bridge along the shortest path between two other nodes" [37] . The betweenness centrality of node i is:
where is the total number of shortest paths from node j to node k, and ( ) is the number of those paths that pass through node i. This index measures the volume of flow on a node.
Straightness Centrality (C S )
in which Eucl is the Euclidean distance between node i and node j, and is the network distance between node i and node j. The smaller the difference between Euclidean distance and network distance, the more "straight" central the node is.
Spatial Interpolation-Kernel Density Estimation
Spatial interpolation is "the procedure of estimating the value of properties at unsampled sites (or cells in a raster) within the area covered by existing observations" [38] . Kernel density estimation is an interpolation technique that evaluates the probability density function of a random variable [39] . "Kernel density estimation involves placing a symmetrical surface over each point, evaluating the distance from the point to a reference location based on a mathematical function, and summing the value of all the surfaces of that reference location" [40] (Figure 3 ). The estimated density of point s is defined as:
where N is the number of existing observations, h is the smoothing parameter called the bandwidth,
d(s,s i ) is the distance between point s and the existing observation points si, and K( d(s,s i )
) is the kernel, a weighting function, i.e., the set of rules which determines how much weight a point close to the The estimated density of point s is defined as:
where N is the number of existing observations, h is the smoothing parameter called the bandwidth, d(s, s i ) is the distance between point s and the existing observation points s i , and K(
r ) is the kernel, a weighting function, i.e., the set of rules which determines how much weight a point close to the ISPRS Int. J. Geo-Inf. 2016, 5, 150 7 of 17 center should be given relative to one near the edge of the circle. As seen in the equation, the results are influenced by three factors:
1. The distance between the points. 2. The bandwidth, which is very important to control the degree of smoothing applied to the data.
If the bandwidth is small, we will obtain an under smoothed estimator, with high variability. On the contrary, if it is big, the resulting estimator will be over smooth and farther from the function that we are trying to estimate [41] . 3. The kernel weighting function. Although there is a range of kernel functions, empirical studies indicate very little difference in the results between different weighting functions. We will use the quadratic polynomial kernel function in the following analysis.
Spatial Distribution Pattern of Karaoke Bars
As of the end of 2012, there are 530 karaoke bars in the study area. Table 1 shows the number and density of karaoke bars in each district. Considering that the size of each sub-district varies, using the number of karaoke bars per 1 km 2 and per 10,000 residents make it comparable between sub-districts. Within the study area, there are, on average, 0.92 karaoke bars per 1 km 2 and 1.21 karaoke bars serving for 10,000 residents. Comparing each district, Gulou and Qinhuai are the two districts with concentration of karaoke bars, respectively, 2.97 and 2.72 karaoke bars per 1 km 2 area, while in terms of the size of serving population, there are more karaoke bars in Jiangning and Qixia districts. To go beyond the administrative boundaries of sub-districts, we divide the study area into grids (300 m × 300 m). Figure 4 demonstrates the number of karaoke bars in each grid. Clearly, karaoke bars concentrate at the city center, Xinjiekou as well as Hunan Road, and just a few of them scatter in suburban areas. center should be given relative to one near the edge of the circle. As seen in the equation, the results are influenced by three factors:
1. The distance between the points. 2. The bandwidth, which is very important to control the degree of smoothing applied to the data. If the bandwidth is small, we will obtain an under smoothed estimator, with high variability. On the contrary, if it is big, the resulting estimator will be over smooth and farther from the function that we are trying to estimate [41] . 3. The kernel weighting function. Although there is a range of kernel functions, empirical studies indicate very little difference in the results between different weighting functions. We will use the quadratic polynomial kernel function in the following analysis.
As of the end of 2012, there are 530 karaoke bars in the study area. Table 1 shows the number and density of karaoke bars in each district. Considering that the size of each sub-district varies, using the number of karaoke bars per 1 km 2 and per 10,000 residents make it comparable between subdistricts. Within the study area, there are, on average, 0.92 karaoke bars per 1 km 2 and 1.21 karaoke bars serving for 10,000 residents. Comparing each district, Gulou and Qinhuai are the two districts with concentration of karaoke bars, respectively, 2.97 and 2.72 karaoke bars per 1 km 2 area, while in terms of the size of serving population, there are more karaoke bars in Jiangning and Qixia districts. To go beyond the administrative boundaries of sub-districts, we divide the study area into grids (300 m × 300 m). Figure 4 demonstrates the number of karaoke bars in each grid. Clearly, karaoke bars concentrate at the city center, Xinjiekou as well as Hunan Road, and just a few of them scatter in suburban areas. 
To determine whether the distribution of karaoke bars exhibits a systematic pattern over the study area rather than being randomly distributed, L-function, the standardized version of Ripley's F-function (1976), is used to examine the spatial dependence based on distances of each karaoke bar from one another. As shown in Figure 5 , the blue curve is the observed L value of karaoke bars in the study area. It is always larger than the expected L value (green curve) for any given distance threshold, indicating that the distribution of karaoke bars is in general clustered. However, the extent of clustering differs. When the distance threshold is set less than 2.5 km, the extent of clustering is positively associated with the distance. The peak of observed L value appears when the distance threshold is between 2.5 and 3.5 km, showing that karaoke bars are highly clustered at this distance scale. Afterwards, the level of clustering decreases with the increase of distance threshold.
To determine whether the distribution of karaoke bars exhibits a systematic pattern over the study area rather than being randomly distributed, L-function, the standardized version of Ripley's F-function (1976), is used to examine the spatial dependence based on distances of each karaoke bar from one another. As shown in Figure 5 , the blue curve is the observed L value of karaoke bars in the study area. It is always larger than the expected L value (green curve) for any given distance threshold, indicating that the distribution of karaoke bars is in general clustered. However, the extent of clustering differs. When the distance threshold is set less than 2.5 km, the extent of clustering is positively associated with the distance. The peak of observed L value appears when the distance threshold is between 2.5 and 3.5 km, showing that karaoke bars are highly clustered at this distance scale. Afterwards, the level of clustering decreases with the increase of distance threshold. As the K-function has verified that the karaoke bars are spatially clustered, we continue the analysis by making hierarchical clustering to visually illustrate the concentrate areas of karaoke bars. There are eight identified clusters in the study area ( Figure 6 ). Each cluster has more than 10 karaoke bars, and the average area of the eight clusters is 0.35 km 2 . In general, the karaoke bars in the study area concentrate intensely in certain small areas.
Based on the location and characteristics of the clusters, we classify these clusters into the following categories. (a) Custom-oriented clusters: It is the nature of leisure and entertainment services to distribute at the areas with more potential customs. The 1st cluster shown in Figure 6 is located at Hunanlu sub-district, which ranks the second in terms of the population size in main urban areas of Nanjing. Besides, Nanjing University, East south University and some other institutions of higher education are located nearby, with a large number of local residents and young consumers. (b) CBD-oriented clusters: The business center is a hub of the city of all kinds of commercial activities, including shopping, dining, entertainment, etc. The 5th, 7th and 6th clusters in Figure 6 are located at Confucius Temple CBD, Dongshan CBD and Ruijin Road respectively. Confucius Temple CBD is a traditional commercial center in Nanjing, as well as a leisure and tourist center, attracting an immense number of passenger flows. Thereby, karaoke bars, as a kind of entertainment venues, are also gathering here. The Dongshan CBD is the only trading, commercial and leisure center in Dongshan satellite city, with karaoke bars also clustering here. Ruijin Road is proximate to Xinjiekou CBD, sharing and transferring the functions of Xinjiekou CBD. Therefore, it is also a concentrate area of karaoke bars. (c) Transportation-oriented clusters: The 2nd and 6th clusters in Figure 6 are distributed at Xinjiekou CBD and Maigaoqiao, respectively. Xinjiekou is located at the intersection of four important avenues, having six bus stops with over 30 bus lines crossing, and is the interchange station of subway line 1 and 2. Maigaoqiao, situated in the north of the main urban areas of Nanjing, is the northern originating station of subway line 1, which makes it irreplaceable as a transportation node especially for the northern area. The traffic advantages of these two places attract karaoke bars to concentrate there. (d) Business-oriented clusters: Karaoke bars are not only for recreation, but also become a popular venue for casual business meetings. The 3rd and 4th clusters are located at As the K-function has verified that the karaoke bars are spatially clustered, we continue the analysis by making hierarchical clustering to visually illustrate the concentrate areas of karaoke bars. There are eight identified clusters in the study area ( Figure 6 ). Each cluster has more than 10 karaoke bars, and the average area of the eight clusters is 0.35 km 2 . In general, the karaoke bars in the study area concentrate intensely in certain small areas.
Based on the location and characteristics of the clusters, we classify these clusters into the following categories. (a) Custom-oriented clusters: It is the nature of leisure and entertainment services to distribute at the areas with more potential customs. The 1st cluster shown in Figure 6 is located at Hunanlu sub-district, which ranks the second in terms of the population size in main urban areas of Nanjing. Besides, Nanjing University, East south University and some other institutions of higher education are located nearby, with a large number of local residents and young consumers; (b) CBD-oriented clusters: The business center is a hub of the city of all kinds of commercial activities, including shopping, dining, entertainment, etc. The 5th, 7th and 6th clusters in Figure 6 are located at Confucius Temple CBD, Dongshan CBD and Ruijin Road respectively. Confucius Temple CBD is a traditional commercial center in Nanjing, as well as a leisure and tourist center, attracting an immense number of passenger flows. Thereby, karaoke bars, as a kind of entertainment venues, are also gathering here. The Dongshan CBD is the only trading, commercial and leisure center in Dongshan satellite city, with karaoke bars also clustering here. Ruijin Road is proximate to Xinjiekou CBD, sharing and transferring the functions of Xinjiekou CBD. Therefore, it is also a concentrate area of karaoke bars; (c) Transportation-oriented clusters: The 2nd and 6th clusters in Figure 6 are distributed at Xinjiekou CBD and Maigaoqiao, respectively. Xinjiekou is located at the intersection of four important avenues, having six bus stops with over 30 bus lines crossing, and is the interchange station of subway line 1 and 2. Maigaoqiao, situated in the north of the main urban areas of Nanjing, is the northern originating station of subway line 1, which makes it irreplaceable as a transportation node especially for the northern area. The traffic advantages of these two places attract karaoke bars to concentrate there; (d) Business-oriented clusters: Karaoke bars are not only for recreation, but also become a popular venue for casual business meetings. The 3rd and 4th clusters are located at Hongwu Road and Zhenghong Commercial Pedestrian Street, where various financial institutions, consulting firms, and a large number of corporation headquarters are clustered. The demand for causal business venues results in the agglomeration of karaoke bars in these areas. 
Socio-Spatial Factors' Influence on the Distribution of Karaoke Bars
Karaoke bars, similar as other commercial services, seek a location to obtain as much benefit as possible, taking a variety of spatial factors into account [42] , therefore exhibiting a specific spatial distribution pattern [43] . To explain the spatial clusters of karaoke bars identified in the previous section, analyses were carried out to quantify the relationship among karaoke bars, population density, transportation network density, and commercial center.
Population Density
As argued in the literature review, consumption needs of the population are the primary and direct driving force for the development of leisure and entertainment industry. Chinese cities are undergoing rapid urbanization, and the development of areas within the cities is far away from even. Population density, to some extent, reflects the spatial variations in land price and economic structure, which may also exert influence on the distribution of karaoke bars.
The population data are from the 2010 Population Census, which only takes residents into account excluding floating population (without local hukou, or reside less than six months). The total number of residents is 4.37 million, distributed in 54 sub-districts within the study area. As seen from Figure 7a , the residents highly concentrate at the old city town, with the density over 32,000 residents per km 2 , and there is a clear pattern that the density decreases gradually with the increase of the distance from the city center. The density of karaoke bars presents a similar pattern, with high values appearing in the city center, but less regularity in the suburb areas (Figure 7b ). 
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The population data are from the 2010 Population Census, which only takes residents into account excluding floating population (without local hukou, or reside less than six months). The total number of residents is 4.37 million, distributed in 54 sub-districts within the study area. As seen from Figure 7a , the residents highly concentrate at the old city town, with the density over 32,000 residents per km 2 , and there is a clear pattern that the density decreases gradually with the increase of the distance from the city center. The density of karaoke bars presents a similar pattern, with high values appearing in the city center, but less regularity in the suburb areas (Figure 7b) . To further assess the spatial association between population density and the density of karaoke bars, we employed Bivariate Moran's I statistic in GeoDa. A rook weights matrix was created, which defines a sub-district's neighbors as those sub-districts with shared borders. The value of Global Bivariate Moran's I (the slope of the scatter plot) is 0.4956, indicating a positive association between the distribution of the population and karaoke bars (Figure 8a ). Four quadrants in the scatter plot correspond to four different types of association. The first and the third quadrants represent spatial clusters, HH (High-High) and LL (Low-Low), respectively. The second and the fourth quadrants represent spatial outliers, LH (Low-High) and HL (High-Low), respectively. Figure 8b demonstrates To further assess the spatial association between population density and the density of karaoke bars, we employed Bivariate Moran's I statistic in GeoDa. A rook weights matrix was created, which defines a sub-district's neighbors as those sub-districts with shared borders. The value of Global Bivariate Moran's I (the slope of the scatter plot) is 0.4956, indicating a positive association between the distribution of the population and karaoke bars (Figure 8a ). Four quadrants in the scatter plot correspond to four different types of association. The first and the third quadrants represent spatial clusters, HH (High-High) and LL (Low-Low), respectively. The second and the fourth quadrants represent spatial outliers, LH (Low-High) and HL (High-Low), respectively. Figure 8b demonstrates To further assess the spatial association between population density and the density of karaoke bars, we employed Bivariate Moran's I statistic in GeoDa. A rook weights matrix was created, which defines a sub-district's neighbors as those sub-districts with shared borders. The value of Global Bivariate Moran's I (the slope of the scatter plot) is 0.4956, indicating a positive association between the distribution of the population and karaoke bars (Figure 8a ). Four quadrants in the scatter plot correspond to four different types of association. The first and the third quadrants represent spatial clusters, HH (High-High) and LL (Low-Low), respectively. The second and the fourth quadrants represent spatial outliers, LH (Low-High) and HL (High-Low), respectively. Figure 8b demonstrates these clusters and outliers spatially. There are 43 sub-districts with positive association (in the first or the third quadrants) and many of them are significant, meaning that karaoke bars are in general distributed at the places where more people reside. As expected, the HH is mainly located in the urban core, and LL is found in the suburban areas, whereas there are fewer sub-districts in which the density of the population and karaoke bars are negatively associated. The only significant spatial outlier (low-high) is found in Xuanwu sub-district. It is a popular tourist area, having Xuanwu Lake and Jiming Temple, attracting numerous tourists, as well as residents from outside of Xuanwu sub-district. Therefore, although the density of local residents is comparatively low, the number of potential customers is abundant, so the distribution of karaoke bars is dense on the contrary.
Road Network
Urban road network constitutes an important factor in urban systems, not only connecting consumers and economic activity venues, but also limiting and influencing the spatial layout of these commercial facilities. Accessibility, which can be transformed into a better visibility and popularity [35] , is definitely a crucial factor for location choice of any kinds of commercial activities including karaoke bars. In Multiple Centrality Assessment, accessibility in the urban environment can be measured by the road network's centrality, based on the assumption that a central area is more accessible. As discussed in the Methodology, three indexes are commonly used to measure "centrality": closeness, betweenness, and straightness. Before calculating each of the indexes, we firstly need to construct the road network by extracting the ends and intersections of each road to form the nodes and edges of the network. Given the fact that there are different levels of roads with varied capacities, a corresponding weight is assigned to each road level, thereby we have following calculation formulas for each index (Table 2) . Table 2 . Calculation formulas for centrality indexes.
Centrality Index Calculation Formula
Closeness
Based on the formulas, each road's closeness, betweenness, and straightness are calculated and illustrated in Figure 9 . Centrality closeness reflects the proximity of a node to other nodes in the network. As shown by Figure 9a , closeness of the study area presents a clear "core-periphery" pattern. The roads with high value of closeness are located at Xinjiekou, along East Zhongshan Road. Centrality betweenness measures the frequency of a node being passed through by the shortest path between two other nodes. The higher the value of betweenness, the more influential is the node acting as a connecting point. In general, the betweenness is comparatively even across the whole study area (Figure 9b) . Only a few nodes around Zhujiang Road and the subway stop of Daxinggong have higher values of betweenness, indicating large traffic flow. Centrality straightness evaluates the efficiency in communication between a node and other nodes in the network, based on the assumption that "being central means being straight to the others" [34] . In the study area, there are many nodes with higher value of straightness, distributed along the East Zhongshan Road, Zhujiang Road, and South Taiping Road (Figure 9c ). On the whole, the pattern of straightness is similar to that of closeness. To investigate the spatial association between the centrality of the road nodes and the distribution of karaoke bars, we need to interpolate the value of each discrete point onto a continuous raster layer by using kernel density estimation (KDE) (see Section 3.5). As the bandwidth substantially affects the degree of smoothing applied to the data, we experimented with a series of bandwidths, including 600 m, 680 m, and 800 m. Afterwards, we chose to use 680 m as the bandwidth to plot the estimated density of karaoke bars and the centralities of the road network to each cell (50 m × 50 m) on the created raster layers (Figure 10 ). The matrix in Figure 10 shows the Moran's I between each pair of KDEs. Although the three centrality indexes are devised from different perspectives and are computed differently, their values are highly correlated (the values of Moran's I among them are 0.951, 0.970, and 0.919, respectively), comprehensively reflecting the centrality of the road network. In general, the spatial distribution of karaoke bars is found to be positively associated with the centrality of the road network, whereas the extent of the association varies for the three centrality indexes. Among them, the straightness centrality is the most related, with Moran's I of 0.527, and closeness centrality is also relatively high, To investigate the spatial association between the centrality of the road nodes and the distribution of karaoke bars, we need to interpolate the value of each discrete point onto a continuous raster layer by using kernel density estimation (KDE) (see Section 3.5). As the bandwidth substantially affects the degree of smoothing applied to the data, we experimented with a series of bandwidths, including 600 m, 680 m, and 800 m. Afterwards, we chose to use 680 m as the bandwidth to plot the estimated density of karaoke bars and the centralities of the road network to each cell (50 m × 50 m) on the created raster layers (Figure 10 ). To investigate the spatial association between the centrality of the road nodes and the distribution of karaoke bars, we need to interpolate the value of each discrete point onto a continuous raster layer by using kernel density estimation (KDE) (see Section 3.5). As the bandwidth substantially affects the degree of smoothing applied to the data, we experimented with a series of bandwidths, including 600 m, 680 m, and 800 m. Afterwards, we chose to use 680 m as the bandwidth to plot the estimated density of karaoke bars and the centralities of the road network to each cell (50 m × 50 m) on the created raster layers (Figure 10 ). The matrix in Figure 10 shows the Moran's I between each pair of KDEs. Although the three centrality indexes are devised from different perspectives and are computed differently, their values are highly correlated (the values of Moran's I among them are 0.951, 0.970, and 0.919, respectively), comprehensively reflecting the centrality of the road network. In general, the spatial distribution of karaoke bars is found to be positively associated with the centrality of the road network, whereas the extent of the association varies for the three centrality indexes. Among them, the straightness centrality is the most related, with Moran's I of 0.527, and closeness centrality is also relatively high, The matrix in Figure 10 shows the Moran's I between each pair of KDEs. Although the three centrality indexes are devised from different perspectives and are computed differently, their values are highly correlated (the values of Moran's I among them are 0.951, 0.970, and 0.919, respectively), comprehensively reflecting the centrality of the road network. In general, the spatial distribution of karaoke bars is found to be positively associated with the centrality of the road network, whereas the extent of the association varies for the three centrality indexes. Among them, the straightness centrality is the most related, with Moran's I of 0.527, and closeness centrality is also relatively high, with Moron's I of 0.473. It implies that whether the road is straight to others and whether the road is close to others play a crucial role in the location choice of karaoke bars. However, the betweenness centrality, which measures the traffic flow, is less important, probably because the places with high betweenness may experience traffic congestion and lack of parking spaces.
Commercial Center
Commercial centers act as the main carrier for various kinds of commercial activities, ranging from the buying and selling of goods and services in retail business, wholesale buying and selling, financial establishments, and wide variety of services that are broadly classified as "business". Commercial centers in a city are an important component of urban structure, having a considerable impact on the choice of the consuming activities. To explore the spatial association between commercial centers and the location of karaoke bars, we firstly partition the urban space into service regions of each commercial center.
In geography, Voronoi diagrams are usually used to answer nearest neighbor queries, while in economic geography, Voronoi diagrams can be used to stimulate the division of the service area of commercial centers. When determining the service area of the commercial center, it is essential to consider the influential range of commercial centers, as well as the traffic network.
In terms of scale, service radius, targeted customs, etc., there are three different levels of commercial centers in Nanjing: city level, secondary city level, and district level (Table 3 ). These three levels of commercial centers were given weights 1, 0.8, and 0.5, respectively, to indicate their influential range. To take into account the traffic network, Voronoi diagrams were created based on distance along the traffic network instead of the Euclidean distance. Employing the "Voronoi diagram" toolbox in SANET, Voronoi diagrams were created for each commercial center ( Figure 11 ). Table 4 summarizes the area of each Voronoi cell of the each commercial center and the number of karaoke bars located in each Voronoi cell. Whether the number of karaoke bars matches the service area of commercial centers implies the influence of commercial centers on the location choice of karaoke bars. The relationship between the karaoke bars and the commercial centers is categorized into three types: (1) Karaoke bars cluster in the commercial centers with higher level and larger influence, such as Xinjiekou, Hunan Road, and Confucius Temple. These areas have substantial influence on the market, attracting consumer groups with relatively fixed consumer habits; (2) In the process of urban development, commercial space is refined into different functional centers to meet the needs of the urban economy. Therefore, being in line with the function and industrial type of commercial centers is also an important factor to be considered when choosing location for business. For instance, the targeted group of the South Train Station commercial center is non-resident population, so the main industries are restaurant, hotel, and other service industry. Besides, the State Council issued the "Entertainment Management Regulations", in which entertainment venues are restricted to be located in train stations, airports, and other places with a dense crowd. Consequently, there are only four karaoke bars located within the service area of the South Train Station commercial center; (3) The number of karaoke bars is associated with the location and the level of commercial centers. In general, there are more karaoke bars in commercial centers that are located in the urban center than in periphery areas. Furthermore, there are more karaoke bars found in higher level commercial centers. center than in periphery areas. Furthermore, there are more karaoke bars found in higher level commercial centers. 
Conclusions
With the economic development, the advancement of cultural quality, and prolonged leisure time of urban residents, a large number of commercial entertainment places have sprung up in urban areas of China. Karaoke bar is among the most popular entertainments. This paper, focusing on the karaoke bars in Nanjing, has examined their spatial distribution in the urban space and their spatial association with population density, road network, and commercial centers.
Overall, karaoke industry is thriving in Nanjing, with 350 karaoke bars distributed in the study area. Spatial uneven is evident. Most of the karaoke bars are found in urban core areas. Through point pattern analysis, it has been verified that the karaoke bars are highly clustered at the distance range of 2.5-3.0 km. Based on the location and characteristics of the clusters, four types of cluster are 
Overall, karaoke industry is thriving in Nanjing, with 350 karaoke bars distributed in the study area. Spatial uneven is evident. Most of the karaoke bars are found in urban core areas. Through point pattern analysis, it has been verified that the karaoke bars are highly clustered at the distance range of 2.5-3.0 km. Based on the location and characteristics of the clusters, four types of cluster are identified: custom-oriented clustering, CBD-oriented clustering, transportation-oriented clustering, and business-oriented clustering.
The distribution pattern of karaoke bars is closely associated with the location-specific social features. Among them, population density is a significant one. Karaoke bars are in general clustered in the places where more people reside, and these places are usually located in the city center. The accessibility of road network, measured by three "centrality" indexes closeness, betweenness, and straightness, is found to play a crucial role in guiding the location of karaoke bars. To assess the impact of commercial centers on the distribution of karaoke bars, the urban space has been partitioned into service regions of 16 commercial centers using Voronoi diagrams. In general, commercial centers with higher level and better location attract more karaoke bars.
The severe uneven distribution of karaoke bars may lead to an imbalance between the recreation demands and supply. Xinjiekou is a major commercial center in the city. This single-center spatial structure may result in highly concentration of commercial services and traffic congestion. Therefore, supporting the development of existing commercial centers in suburbs, such as Xianlin, Dongshan, and Hexi, would decentralized the entertainment service function of central areas, thus easing pressure on the old city space, as well as improving the level of entertainment service in suburbs. In addition to supporting the development of commercial center, taking advantage of the subway to locate karaoke bars is another strategy. Subway, as an important travel mode, induces business activities, human resources, information and other resources gathering along the subway lines, forming a huge passenger, business, and capital flows. In the study area, there are three subway lines. There are several subway stops in the suburbs that have already demonstrated aggregation effects for business activities. Entertainment and leisure industry may make full use of the function and resource of subway stops and locate their venues nearby the subway stops in the suburbs, which will not only reduce the competition pressure, but also diminish the regional differences.
